Objective: This study evaluated the condition of mandibular cancellous and cortical bone on computed tomography (CT) images in order to investigate its relationship with the incidence of neurosensory disturbances (NSD) in the mental nerve region after bilateral sagittal splitting ramus osteotomy (BSSRO). Methods: BSSRO was performed on 58 lateral mandibles in 29 patients. From preoperative CT images, the width endpoints of the transversal bone were measured in region I immediately inferior to the mandibular foramen, region II in the mandibular angle region, and region III distal to the lower second molar. The incidence of NSD immediately after surgery and the residual NSD rate at 1, 3, and 6 months after surgery were inves- 
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What Is It about?
Long-term residual neurosensory disturbances (NSD) can be problematic after bilateral sagittal splitting ramus osteotomy (BSSRO) of the mandible. To predict a general prognosis, we evaluated preoperative computed tomography images of 58 lateral mandibles (29 BSSRO patients) to determine whether the condition of mandibular cancellous and cortical bone influences postoperative development of NSD in the mental nerve region. Transversal width of the entire mandible was significantly different in region II between patients with and without NSD at 6 months after surgery ( p < 0.05) and may be an important factor in predicting NSD incidence.
Introduction
Bilateral sagittal splitting ramus osteotomy (BSSRO) of the mandible is an established procedure in oral and maxillofacial surgery [1, 2] . Although BSSRO has numerous advantages -it can be performed as an intraoral procedure, it results in a wide bone contact area, and it allows greater movement of the separated bone fragments -it also may promote the development of postoperative neurosensory disturbances (NSD) in the mental nerve region [3] [4] [5] . Preoperative computed tomography (CT) is now performed routinely, allowing BSSRO to be planned based on a detailed understanding of the characteristics of the cancellous bone and position of the mandibular canal; however, there remains an urgent need for new imaging techniques and evaluation methodologies that would allow the risk of NSD to be more accurately assessed.
NSD, whose incidence has been attributed to various factors, occurs relatively infrequently after intraoral vertical ramus osteotomy [6] , which also involves cutting the mandibular ramus. Therefore, its occurrence following BSSRO is believed to be associated with the close postoperative proximity of cancellous bone from the split portion to the mandibular canal. Previous studies have investigated the development of NSD based on measurement of the distance between the mandibular canal and external cortical bone or the course of the mandibular canal through the mandible [7] [8] [9] [10] [11] but did not assess preoperative CT images.
The present study therefore used CT images to evaluate the relationship between the condition of mandibular cancellous and cortical bone and the development of NSD in the mental nerve region. Recovery from NSD over time was also considered, given that long-term residual NSD can be problematic, particularly in the mental nerve region. An association was hypothesized between the transversal width of the cancellous and cortical bone of the mandible and NSD after BSSRO.
Materials and Methods
BSSRO was performed on 58 sides in 29 mandibles (11 males and 18 females; mean age ± standard deviation, 28.5 ± 10.0 years; age range, 17-49 years) at the Department of Oral and Maxillofacial Surgery, Tokyo Dental College Suidobashi Hospital, from December 2008 through March 2011. The operating surgeon was the lead author of this paper and is a specialist in oral and maxillofacial surgery. Inclusion criteria were indication for surgery of mandibular prognathism ( n = 24) or retrognathia ( n = 5). Exclusion criteria were any psycho-logical or physical disorder that might affect recovery of peripheral nerve disturbance. The surgical treatment plan was explained to the patients and their families and informed consent obtained. In addition, the study was carried out with the approval of the Ethics Committee of Tokyo Dental College (No. 304).
This study sought to obtain data for the purpose of predicting a general prognosis. Therefore, the results were examined collectively, without consideration of distance or direction of movement. As a rule, the lateral osteotomy line was determined according to the 1957 Obwegeser method [12] for mandibular prognathism and the Obwegeser-Dal Pont method [13] for retrognathism. The osteotomy procedure was as follows: (1) the lingual cortex of the ramus was cut with a Lindemann bur along a line 5 mm above the mandibular foramen and parallel to the occlusal plane of the mandible; (2) the buccal cortical bone of the mandible was cut with a Lindemann bur along a line from the distal region of the lower second molar to the mandibular angle; (3) the sagittal split line was cut using a drill, Fisher bur, and reciprocating bone saw, and carefully split with bone chisels and a bone separator. After maxillary-mandibular fixation, the bone segments were fixed using a titanium locking miniplate and monocortical screws on each side. The distance of movement of the mandibular body was <11 mm in mandibular setback surgery and <9 mm in advancement surgery. No severe intraoperative complications such as abnormal bleeding, fracture, or soft tissue damage were observed in any patient. Patients who complained of NSD following surgery were treated orally with a B 12 preparation containing a nerve stimulant until the impairment resolved.
The Somatom Emotion Duo CT scanner (Siemens, Germany) was used for CT under the following scanning conditions: tube voltage, 130 kV; tube current, 65 mA; field of view, 150 mm; voxel size, 0.29 mm; slice thickness, 1.25 mm; and slice interval, 1 mm. Based on preoperative CT images, measurements were made along the following 3 planes: (I) a plane parallel to the occlusal plane, 1 mm from the mandibular foramen; (II) a plane from the gonion to the anterior margin of the osteotomy line defined according to the 1957 Obwegeser method [12] ; and (III) a plane perpendicular to the occlusal plane, connecting the distal proximal surface of the mandibular second molar ( Fig. 1 ) . These measurements were then used to determine the following 3 variables: (a) the transverse width of the entire mandible; (b) the combined transverse width of the buccal cortical bone and cancellous bone up to the outer wall of the mandibular canal; and (c) the transverse width of the cancellous bone from the inner edge of the buccal cortical bone to the outer wall of the mandibular canal. Each line and extension passed through the midpoint of the mandibular canal at the shortest distance, and these 3 variables were used as the transverse width of bone endpoints ( Fig. 2 ) .
To examine the development of NSD, we examined each patient preoperatively to verify the absence of sensory disturbance in the area innervated by the mental nerve. Then, after SSRO, we diagnosed NSD if any subjective symptom of anesthesia, hypoesthesia, dysesthesia, and paresthesia was present in the clinical interviews or during sensory testing with monofilaments. NSD incidence immediately after surgery and recovery and residual NSD rates at 1, 3, and 6 months after surgery were examined. Examinations were performed by the operators via interview and with a monofilament sensory tester. Comparative evaluation of the correlation between NSD incidence in the mental nerve region and each bone endpoint was also performed immediately after and at 6 months after surgery.
The Mann-Whitney U test was used to determine statistical significance. All analysis was performed using the SPSS for Windows Version 11.0 software, with the level of significance set at p < 0.05.
Results

Incidence of NSD Immediately after BSSRO
The overall incidence of NSD immediately after surgery was 67.2% (39/58 sides). No severe NSD such as anesthesia was observed.
NSD Recovery and Residual Rates
Among those patients who developed NSD immediately after BSSRO, the recovery rate at 1, 3, and 6 months after surgery was 20.5% (8/39 sides), 53.8% (21/39 sides), and 74.3% (29/39 sides), respectively, while the overall residual NSD rate at the same time points was 53.4% (31/58 sides), 31.0% (18/58 sides), and 17.2% (10/58 sides), respectively ( Fig. 3 ) .
Relationship between Postoperative NSD and the Transversal Width of Mandibular Bone
The 3 transversal widths of bone endpoints (a, b, and c) at the 3 measurement regions (I, II, and III) were compared based on presence or absence of NSD immediately after and at 6 months after surgery. No significant difference was observed for any of the transversal widths of the bone endpoints at regions I or III, but there was a significant difference between patients with and without NSD at 6 months after surgery for endpoint a at region II ( p < 0.05; Table 1 ). Namely, the width of the entire mandible in patients without NSD was significantly greater than that of patients with NSD. There were, however, no significant differences for the other bone endpoints at region II.
Discussion
Since it was first proposed in 1957 [12] , BSSRO has come to be widely practiced in the field of oral and maxillofacial surgery because of its wide adaptability and the postoperative stability it affords. NSD, neurosensory disturbances; ns, not significant. a, transversal width of the entire mandible; b, combined transversal width of the buccal cortical bone and cancellous bone to the outer wall of the mandibular canal; c, transversal width of the cancellous bone from the inner edge of the buccal cortical bone to the outer wall of the mandibular canal. * p < 0.05 (Mann-Whitney U test). Typically, surgical treatment of jaw deformities had been preceded by a diagnosis based on 2-dimensional cephalometric analysis using conventional cephalometric radiography alone. However, this approach allows only an approximate estimation of the mandibular osteotomy line and direction of the split, and cannot be used to develop an osteotomy model that takes into consideration the structure of the mandibular ramus and path of the mandibular canal. The introduction of X-ray CT has enabled a more detailed examination of mandibular morphology and structure, allowing surgeons to accurately determine the shape and internal structure of the mandible before operating. New developments in such technology have also allowed treatment plans to benefit from software-assisted 3-dimensional imaging [14] , leading to improvements in both quality and safety of medical care. In particular, identifying the internal structure of mandibular cancellous bone is crucial in establishing the safety of BSSRO because this procedure requires the ramus to be split while avoiding injury to the inferior alveolar nerve or inferior alveolar vein running through the mandibular canal [15] .
As BSSRO involves performing an osteotomy close to the mandibular canal, postoperative NSD may occur in the mental nerve region. Therefore, detailed and accurate preoperative information is essential to be able to explain the medium-to-long-term prognosis to the patient in detail and obtain informed consent. A number of reports have investigated NSD in patients who have undergone BSSRO [3-5, 16, 17] , and some have investigated its onset using CT [7, 8, 11, [18] [19] [20] . However, to our knowledge, no studies have reported long-term NSD in BSSRO based on initial evaluation of the width of the cancellous bone, including at sites inside the mandibular canal, using preoperative CT. The present study, therefore, selected the transversal width of the mandibular cancellous and cortical bone as the factor to be evaluated in CT images and investigated its relationship with NSD in the mental nerve region while also assessing recovery from NSD over time. In daily clinical practice, we used the Semmes-Weinstein monofilament sensory test and a two-point discriminator pre-and postoperatively.
The study findings revealed a relatively high incidence of NSD immediately after surgery: 39 of 58 sides (67.2%). However, 74.3% of the affected sides recovered by 6 months after surgery, with NSD persisting in only 17.2% of the study population overall. NSD typically resolve in around 3-6 months, but when they persist beyond this point they often become refractory and ultimately problematic, and this has prompted a number of studies on longterm NSD [21] [22] [23] . The NSD recovery period may be prolonged depending on the extent of nerve damage caused by the surgery or postoperative inflammation. The longer it persists, the more likely it is to become refractory, implying that prolonged recovery has greater clinical significance than does the presence or absence of NSD immediately after surgery. Moreover, refractory NSD occurs as a result of direct injury to the mandibular canal or inferior alveolar neurovascular bundle. Therefore, protecting the mandibular canal and neurovascular bundle from damage, which is in fact the aim of BSSRO, is a crucial element of this procedure.
BSSRO involves osteotomy of the medial cortical bone superior to the mandibular foramen on the inner surface of the mandibular ramus, and the lateral cortical bone of the mandibular ramus in the vicinity of the mandibular angle, followed by splitting of the cancellous bone lateral to the mandibular canal from the anterior to posterior borders of the mandibular ramus using a bone saw and chisel/mallet. The mass of cancellous bone in this area has been associated with the occurrence of postoperative NSD. Yoshioka et al. [17] reported that the incidence of NSD of the inferior alveolar nerve at 1 year after BSSRO significantly increased when the distance from the buccal aspect of the inferior alveolar nerve canal to the outer buccal cortical margin was <6 mm. Yamamoto et al. [9] surveyed the width of the medullary cavity at 2-mm intervals, starting directly inferior to the mandibular foramen and moving downwards for 22 mm, and reported a significant difference in the incidence of NSD at 1 year after BSSRO when only ≤ 0.8 mm of this cavity remained. Meanwhile, after measuring coronal CT slices at 3 locations on the mandibular ramus, Wittwer et al. [8] found that NSD could occur when the distance between the mandibular canal and the inner surface of the cortical bone was <1 mm or when the mandibular canal came into contact with the external cortical bone. In such cases, the authors recommended computer-assisted modified classical osteotomy or complete individualized osteotomy. In our study, the width of cancellous bone on the buccal side did not differ significantly, but as Table 1 shows, the transversal width of the mandible was smaller at all measurement points, except for b and c in region I, at 6 months in patients with postoperative NSD. Our findings partly support the importance of the buccal cortical bone width as reported in previous studies as well as newly highlight that the entire width of the mandible is also an important factor to consider.
As the position of the mandibular canal within the mandibular ramus varies and cancellous bone may be present between them, there may be cases where the canal and cortical bone are in close proximity or fused together [8, 24] . However, the width of the medullary cavity starting directly inferior to the mandibular foramen is not constant from the mandibular angle to the site where it dissects the lateral cortical bone, and we have encountered patients in clinical practice who do not manifest NSD despite having minimal medullary cavity width on the buccal mandibular canal, as well as patients whose NSD persists despite adequate cavity width. Therefore, in addition to the distance of the buccal mandibular canal to the medullary cavity measured in previous studies, the present study also measured the combined width of the buccal cortical and cancellous bone to the outer wall of the mandibular canal as well as the width of the entire mandible. These measurements were taken at a total of 9 positions immediately inferior to the mandibular foramen, at the mandibular angle region, and at the distal region of the lower second molar; and the presence or absence of NSD was investigated immediately after and at 6 months after BSSRO. No significant difference was observed between patients with and without NSD at either time point at any of the measurement regions for the combined width of buccal cortical and cancellous bone to the outer wall of the mandibular canal, or for the width of cancellous bone from the inner edge of the buccal cortical bone to the outer wall of the mandibular canal. These findings invalidate the assumption, made in previous reports, that cancellous bone mass sandwiched between the lateral cortical bone and buccal wall of the mandibular canal always affects the onset of postoperative NSD and delays medium-to long-term recovery.
Conversely, a significant difference was observed between patients with and without NSD at 6 months after surgery in the width of the entire mandible at the mandibular angle region. This suggests that total mandible thickness in the vicinity of the mandibular angle region influences the long-term prognosis for NSD recovery. While previous studies have reported that buccal bone thickness and the width of split cancellous bone affect the onset and long-term persistence of NSD, the present findings demonstrate that these variables have little impact on NSD, and instead that the transversal width of the total mandible might be an influential factor.
In BSSRO, the mandible is repositioned and the occlusion reconstructed after the mandibular ramus has been split into lateral and medial bone fragments, which may result in physical stimulation and injury to the inferior alveolar neurovascular bundle, causing NSD. However, the above findings suggest that the transversal width between the lateral cortical bone and mandibular canal is only one factor in the development of NSD. Moreover, the application of preoperative CT in clinical practice has enabled surgeons to identify the position and path of the mandibular canal, helping to reduce the probability of damage to the inferior alveolar neurovascular bundle. Preoperative CT was also used in the present study to confirm the path and positional relationship of the mandibular canal. Therefore, we believe that any direct damage to the neurovascular bundle would have been minimal. Meanwhile, the finding of a significant difference at the mandibular angle region may have been due not only to mechanical stimulation from surgical instruments, but also to postoperative reactions and inflammation, such as hematoma and edema from postoperative intramedullary bleeding or stimulation by bone fragment migration.
Accurately predicting the onset of postoperative NSD in the mental nerve region -and, when it does occur, forecasting its prognosis as accurately as possible -would be very beneficial to the patient.
Conclusions
Although previous studies have suggested that buccal bone thickness and the width of split cancellous bone affect the incidence and long-term persistence of NSD after BSSRO, differences in the transversal width of cancellous bone showed no marked effect on NSD in the present study involving CT-assisted surgery. However, the results do suggest that the transversal width of the entire mandible is an important factor in predicting the incidence of medium-and long-term NSD.
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